Coprophagous beetles (Coleoptera: Scarabaeidae) play an important ecological role in grazing agroecosystems, especially for the removal and bury of herbivore feces. In this study we identified coprophagous Scarabaeidae species found in an area of Brachiaria brizantha (Poaceae) pasture in the Brazilian Cerrado, analyzing community structure with environmental variables in the area. The insects were captured with a light trap from November 2007 to October 2008 every 15 days, totaling 24 hours of sampling/month. A total of 2541 individuals were collected and from two subfamilies (Aphodiinae and Scarabaeinae), 17 genera and 33 species. The numbers of individuals and species captured were positively correlated with monthly precipitation.
Introduction
Tropical pastures have conditions extremely different from native forests, including higher temperatures, less shade, and an absence of predators and refuge locations (Martínez-Garza & González-Montagut 1999) . The destruction of natural environments for the creation of pastures causes alterations in the structure and composition of communities, which may suffer the loss of species not adapted to the new environmental conditions (Medri & Lopes 2001) .
Pasture areas commonly present a large quantity of cattle feces which contains abundant organic nutrients that are used by foragers (Anduaga 2004) . Despite the benefits, bovine manure can be considered a problem. Various arthropod species develop in fecal mass and some are considered pests, such as the horn fly Haematobia irritans (Linnaeus, 1758) (Diptera: Muscidae). Selection of populations resistant to insecticides justifies the growing need for implementation of alternative programs for fly control *Corresponding author. Email: pukeragro@gmail.com (Marchiori et al. 2001) . One alternative for the removal of bovine feces from pastures and its incorporation into the soil is the use of coprophagous beetles (Scarabaeidae, principally Scarabaeinae). The feeding and reproduction of most of these species involves the allocation of food sources in tunnels dug into the soil, which removes the reproductive medium of the flies (Bornemissza 1970; Ridsdill-Smith & Matthiessen 1981; Flechtmann, Rodrigues, Araújo, et al. 1995) . The activity of these beetles also promotes the degradation of organic materials and cycling of nutrients in the soil (Halffter & Matthews 1966; Halffter & Edmonds 1982; Yokoyama et al. 1991; Yamada et al. 2007) .
Scarabaeinae includes about 5000 species and Aphodiinae has about 1850 species (Hanski & Cambefort 1991) . Aphodiinae forms an important part of the guild of coprophagous beetles (Arellano & Halffter 2003) . In southern South America 27 Aphodiinae species occur (Smith & Skelley 2007) .
In Brazil, 618 species in 59 genera of Scarabaeinae have been registered, of which 75 were recorded in the state of Mato Grosso do Sul (MS) (Vaz-de-Mello 2000) .
Scarabaeid beetles can be captured with several trap types including baited and unbaited pitfall traps (e.g., Halffter & Favila 1993; Milhomem et al. 2003; Gardner et al. 2008; Silva, Diniz, et al. 2010) , flight intercept traps (e.g., Chung 2004; Larsen et al. 2006; Costa et al. 2009 ), and light traps (e.g., Flechtmann, Rodrigues, & Couto 1995; Kato et al. 1995; Ronqui & Lopes 2006) . Light traps are useful to monitor trends of insect abundance (Kato et al. 2000) and are capable of catching species that are not captured in pitfall or flight intercept traps (Hill 1996) .
Livestock production is one of the most important economic activities in MS, occupying areas of native and exotic pastures. In exotic pastures, native vegetation of the Cerrado gives way to the exploration of livestock production. Pasture agroecosystems normally occupy areas that were once native forests and coprophagous beetle species encountered in these locations are likely adapting to the newly created environment or moving to other habitats, thereby changing the number of species in the area (Rodrigues & Marchini 2000) . Due to the great importance of these beetles in agro-pastoral systems, the aim of this work was to identify the Scarabaeidae coprophagous beetle fauna that are attracted to light traps in a pasture area of Brachiaria brizantha (Hochst. ex A. Rich) Stapf (Poaceae) in the Brazilian Cerrado, analyzing community structure (abundance and richness) with environmental variables in the area (precipitation and temperature).
Materials and methods
The study was performed at the Manga Rosa farm (212 ha) located in the Brazilian Cerrado, 7 km from the municipality of Guia Lopes da Laguna, MS, Brazil (21
• 24 56.6 S; 56 • 09 41.5 W). Nelore cattle occupy B. brizantha pastures in a rotational grazing system. Capture of coprophagous beetles was carried out by installing a light trap (Luiz de Queiroz model) in the pasture area every two weeks, from November 2007 to October 2008. The trap, which utilized a 20 W fluorescent lamp, was installed 1 m above the soil and remained in the field from 18:00 h until 6:00 h the next day, when the captured insects were placed in 70% ethanol. The insects were sorted under a stereomicroscope and one sample (1 to 20 specimens) was mounted on entomological pins. Beetles were compared with a reference collection of coprophagous Scarabaeidae at the Entomology Laboratory of the "Universidade Estadual de Mato Grosso do Sul" (UEMS; Aquidauana, MS, Brazil), and posteriorly identified by Prof. Dr. Fernando Zagury Vaz-de-Mello (Universidade Federal de Mato Grosso, UFMT, Instituto de Biociências, Cuiabá, Mato Grosso, Brazil). Voucher specimens were stored in the Entomology Laboratory at the UEMS, and in the "Seção de Entomologia da Coleção Zoológica" of the UFMT.
To assess capture efficiency, a species accumulation curve and its confidence interval (95%) was constructed. The four non parametric estimators (Chao 1, 2, Jackknife 1, 2) were used to calculate richness estimates. A ranking of abundance was constructed to observe the aspects of the community. All richness estimates were performed with the statistical program Estimates 7.5, utilizing 500 randomizations (Colwell 2005) . The correlation of monthly precipitation and average monthly temperature with the abundance and richness was done using a non parametric test (Spearman test). Meteorological data were obtained from the weather station located in the municipality of Porto Murtinho, MS, roughly 170 km from the site at which this study was conducted.
Results

Richness and abundance
During the study period the trap was set 24 times, capturing 2541 individuals belonging to the subfamilies Aphodiinae and Scarabaeinae, distributed among 17 genera and 33 species. Aphodiinae was represented by 16 species in eight genera with Ataenius Harold, 1867 being most species rich. Beetles of the subfamily Scarabaeinae belonged to 17 species in nine genera ( Table 1) .
The richness estimate (Chao 1, 2, Jackknife 1, 2) indicated a maximum of 36 species (Table 2 ). The average of these estimates and observed richness indicates that sampling efficiency was roughly 98.5%. When we analyzed the curve produced using the number of species (Sobs) we observed that the species accumulation curves tended towards an asymptote (Figure 1) .
The majority of species were represented by few individuals, with large numbers of singleton and doubleton species. Of 2541 individuals captured, Labarrus pseudolividus (Olivier, 1789) and Dichotomius bos (Blanchard, 1843) were most abundant, representing respectively 36.40 and 14.68% of the individuals captured (Table 1) .
Effect of abiotic factors on seasonality
The number of individuals (R = 0.73; p < 0.05) and species (R = 0.78; p < 0.05) captured were positively correlated with monthly precipitation, with a greater abundance of individuals collected between November and May (Figure 2 ). Average monthly temperature did not influence the number of individuals captured (p > 0.05), but was positively related to the number of species collected (R = 0.69; p < 0.05) (Figure 2 ). Labarrus pseudolividus specimens were observed during almost the entire year, but with a strong reduction in abundance during the winter, when no specimens were captured in June and September (Figure 2, 3) . Dichotomius bos individuals were principally observed during the rainy period of the year, and were not captured from June to September which corresponds to the cold and dry season (Figure 2, 3) .
Discussion
Richness and abundance pattern
Our study of the coprophagous beetle community in a pasture agroecosystem located in the Cerrado confirmed the occurrence of dung beetle species common to open areas such as pastures with exotic (Flechtmann, Rodrigues, & Couto 1995; Koller et al. 1999 Koller et al. , 2007 Aidar et al. 2000) and native grasses (Rodrigues et al. 2010; Almeida et al. 2011) . It also contributes to the understanding of local diversity of these insects and increases knowledge on their distribution. The long period of sampling allowed for capture of species with different activity during the year. The number of species registered here was greater than the 24 captured by a light trap in a pasture located in Selvíria, MS (Flechtmann, Rodrigues, & Couto 1995) . Ronqui & Lopes (2006) , also using a light trap installed in a pasture (Tamarana, Paraná, Brazil), collected almost the same number of Aphodiinae species, but only one third of the number of Scarabaeinae recorded in our study. The richness pattern obtained in the present study is different from other exotic pastures cultivated in Brazil. Therefore, the factors that might explain this pattern must still be investigated in large studies involving native and exotic pastures.
The pattern of species dominance is the same as that encountered in other Neotropical pastures (e.g., Louzada & Silva 2009; Almeida et al. 2011) . It is believed that the dominance of few species in Brazilian pastures is a direct reflection of the availability of resources (mainly cattle feces), as well as the soil conditions and micro-climate that vary according to forage management techniques. In these agroecosystems, the sustentation of a great diversity and high population densities would only be possible with the adoption of different management strategies for these landscapes, such as animal rotation in the area, which would include periods of grazing and abandonment. Management must meet the requirements of plants (e.g., fertilization, time for regrowth) and the consumption of fresh mass by cattle (e.g., grazing time, carrying capacity) without adversely affecting the dung beetle communities present at the site (Lobo et al. 1998 Verdú et al. 2007) . Grazing intensity may be considered a key factor in determining the variation in diversity and composition of the dung beetle community (Lobo et al. 2006; Verdú et al. 2007 ).
As grazing pressure increases, the rate of herbivore feces renewal would increase, favoring larger dung beetle populations (Lobo et al. 2006) . In locations where cattle grazing is continuous and the number of cattle is constant, the diversity and abundance of dung beetles is higher compared to pastures recently used (Lobo et al. 1998) . However, in areas of livestock activity abandonment with the suspension of grazing for long periods and/or irregular spatial distribution for grazing, a decrease in beetle diversity may occur (e.g., Lobo et al. 2006) . The dominant species L. pseudolividus is widely distributed throughout the Brazilian territory, abundantly sampled in open environments such as pastures with light traps (Flechtmann, Rodrigues, & Couto 1995; Ronqui & Lopes 2006) and/or baited with cattle feces (Rodrigues & Marchini 2000) . These small beetles (Flechtmann, Rodrigues, & Seno 1995) feed and nest inside the dung (Waterhouse 1974) , significantly contributing to the control of flies by destroying their habitat (Ridsdill-Smith et al. 1987) . Many species of Aphodiinae move between patches of dung present in the same pasture (Roslin 2000) , indicating that the same individual can control more than a single patch of manure.
Dichotomius bos, the second most abundant species, presents great potential for use in biological control of flies, principally due to its large size (∼20 mm) and ability to bury feces (Flechtmann, Rodrigues, & Couto 1995; Flechtmann, Rodrigues, & Gaspareto 1995) . Dichotomius bos is widely distributed and abundant in Brazilian pasture systems (Marchiori et al. 2003; Koller et al. 2007; Rodrigues et al. 2010; Almeida et al. 2011) , although it has also been sampled in areas of closed native vegetation (Rodrigues 2008 (Rodrigues & Marchini 2000) using traps baited with cattle feces. This species is probably a specialist coprophagous beetle (Silva et al. 2007 ) and its ample distribution in pastures and high abundance suggest its adaptation to open environments and/or cattle feces. Therefore, D. bos potentially appears to be the best option for future use in biological control of flies by native dung beetle species (Louzada & Silva 2009 ).
Seasonality
Our results show that with the increase in precipitation there is an increase in the richness and number of individuals captured, which was also observed in several other studies (Novelo et al. 2007; Nyeko 2009; Silva, Costa, et al. 2010; Lopes et al. 2011) . Our results are similar to those encountered by Koller et al. (2007) who registered high abundance of coprophagous beetles between October and May (rainy season) in a pasture of the Brazilian Cerrado (Campo Grande, MS). As in this study, Flechtmann, Rodrigues, & Couto (1995) captured a greater number of coprophagous beetles in a light trap during the rainy season (pasture in Selvíria, MS). Silva, Costa, et al. (2010) offered two hypotheses that may explain the lower abundance and richness of adult beetles in the dry season: (1) adults in open habitats must be sensitive to the effects of drought and remain underground during this period; or (2) the adults die in the dry season and only the immature beetles survive in the nest, reaching the adult stage at the beginning of the rainy season. Such data are important to predict the best period for studies on these beetle species, especially L. pseudolividus and D. bos species as they had the greatest abundance.
Abundance pattern of L. pseudolividus was similar to that in pastures of Selvíria, MS (Flechtmann, Rodrigues, & Couto 1995) and Tamarana, PR (Ronqui & Lopes 2006) . The biology of L. pseudolividus is not known, but the biological cycle of other Aphodiinae is relatively short, varying from 50 to 100 days (Wegner & Niemczyk 1981; Verdú & Galante 1997 González-Vainer et al. 2003) . In this case, the presence of L. pseudolividus during nearly the entire year may be related to the short duration of its cycle, favoring the appearance of various generations per year.
The absence of D. bos in the dry season coincides with the results of Flechtmann, Rodrigues, & Couto (1995) who reported that beetles with paracoprid nesting behavior (tunnelers) significantly reduced their activities in the dry season, remaining underground. The biological cycle of D. bos is annual (Alves & Nakano 1978) , therefore the absence of adult beetles in winter appears to be an adaptation to the dry and cold period. Thus, in Brazilian pastures, the best period to sample high abundance and richness of these beetles is during the rainy and hot season.
